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Abstract 
In many different gamma-ray detection systems, the events are registered in coincidence, i.e. within short time 
interval, by two or more detectors. Depending on purpose of an experiment, these events can be rejected (anti-
coincidence counting) or acquired (coincidence counting). The construction, setup and application of several 
coincidence systems in Laboratory for nuclear physics of Department of Physics in Novi sad are presented.  The anti-
Compton shield for HPGe detector based on big annular NaI(Tl) detector and corresponding measurement which 
proved existing of 283 keV level in Ba-137 populating by beta decay of Cs-137,  is described . The application of this 
system (in addition with NaI(Tl) plug detector) where HPGe detector is actively shielded by NaI(Tl) detector for 
investigation of double beta decay of positron emitters (Cr-50, Zn-64,) is also shown. The improving of detection 
limit of HPGe detector by the active shield consisting of five plastic scintillation detectors is presented, as well as the 
measurements of cross sections for X-ray production, induced by interaction of cosmic-ray muons with massive lead 
shield. 
We found that the prompt and delayed coincidence events between plastic veto detector and Ge detector can be 
sharply divided in two groups. Also, the bremsstrahlung and annihilation events can be time resolved from (n,n’) 
events, although all  these events belong to the group of delayed events.  
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1. Introduction 
 In a large number of applications precise time information on detector events is of particular interest. 
The accuracy with which timing can be performed depends both on the properties of the detector in 
question and the type of electronics used to process the signals. The best timing performances can be 
achieved with fast detectors – which collect the generated charge most rapidly. As for the electronics, the 
most fundamental operation in timing measurements is the generation of a logic pulse whose leading edge 
indicates the time of occurrence of an input analogue pulse. These electronic devices are called time pick-
off units or triggers. The easiest and most direct time pick-off method is to sense the time when the input 
pulse crosses a fixed discrimination level. Other various types of triggers are also available. Coincidence 
units determine if two logical signals are coincident within a given time period such that the pulses 
overlap. This time period determines the resolving time of the coincidence and depends of the widths of 
the signals and the minimum overlap required by the electronics.  
2. Coincidence circuits 
In coincidence measurements one rarely needs only the time spectrum. Information about the energies 
of the quanta, which caused the coincidence is also essential.  
The signals from the detectors are amplified and shaped, then sent to the single channel analyzers 
(SCA) for pulse height testing. The output of the two SCA’s is then sent to a coincidence circuit. 
However, in such systems (SLOW systems) the shaping of the pulse destroys some of the rise time 
information and requires certain additional time. That does not represent the ideal situation for timing. 
To avoid these errors the FAST-SLOW system was developed. These systems divide the signals into 
two branches: one (FAST) for time analysis and the other (SLOW) for pulse height analysis. After 
processing the signals, the second coincidence circuit combines the result. 
Sometimes it is more useful to reject events, which are in coincidence. These circuits are called 
anticoincidence circuits and they can effectively be used for background reduction. One of its type 
removes photons of decreased energies after Compton scattering (Compton suppressor method), the other 
removes high energy cosmic ray induced events (veto detectors). 
3. The Compton suppressor method 
The Compton continuum is observed when Compton scattering takes place in the active volume of the 
detector and when the corresponding scattered gamma rays escape from it. These events represent the 
Compton background this system is aimed to reduce. It consists of another detector surrounding the main 
one with the aim to detect the escaping gamma ray. In order to achieve better reduction of Compton 
events the whole system is placed inside a passive shield. 
Usually the main detector is an HPGe detector, which is surrounded with the Compton suppressor – 
NaI or BGO detectors are the usual choices. NaI gives superior timing and resolution performance but 
requires large detectors. BGO can be smaller by the cost of worse resolution and timing. The suppressor’s 
poor energy resolution is irrelevant in this setup because it is not used as a spectrometer. In the ideal 
situation the Compton scattered gamma ray interacts with the suppressor and its signal can be used to 
block the further processing of the Ge signal. 
The usual geometry of the suppressor detector is a thick wall tube, which is called the annular detector. 
At one end of the hole is the HPGe, the other end is closed by a “plug” detector leaving place for the 
sample. 
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4. The NaI(Tl) shielded HPGe spectrometer inside passive iron shield at Department of Physics, 
University of Novi Sad 
The horizontally positioned “Canberra” made closed end coaxial HPGe detector of a relative 
efficiency of 25% is placed inside the 7.62 cm diameter hole of the 22.9 × 22.9 cm annular “Bicron” 
NaI(Tl) crystal. The other end of the hole is closed by the 7.6 x 7.6 cm NaI “plug” with a 3 cm thick 
sample in front of the HPGe detector. The whole assembly is situated in the low-background chamber 
with 25 cm thick walls made of pre-world war II iron.  
Both of the previously described FAST and SLOW anti-coincidence circuits were realized and tested 
[1].  
The main difference between the Compton suppression and background suppression applications of 
NaI(Tl) guarded detectors is in expected counting rate and the corresponding measurement time. In the 
Compton suppression mode the coincidence circuit usually must be capable to handle high counting rates 
(FAST circuit) , while the background suppression is needed when the counting rate is low and the 
measurement times are correspondingly long (SLOW circuit is more appropriate). In Fig.1 the scheme of 
the two circuits is given and, in Tab. 1 the results of the system with and without the Compton suppressor 
are presented. 
 
 
Figure 1: The scheme of the HPGe spectrometer with NaI(Tl) Compton supressor and  the Fe shield 
 
Table 1. Compton continuum intensities. a) HPGe without NaI (t=580 ks); b) HPGe with NaI passive (t=257 ks); c) HPGe with NaI 
active, FAST (t=233 ks); d) HPGe with NaI active, SLOW (t=512 ks) 
E(keV) a [c/s] b [c/s] c [c/s] d [c/s] R (b/d ) R (a/d) 
50 -2000 1.5793(16) 1.1832(26) 0.2246(10) 0.1853(6) 6.38(21) 8.523(29) 
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The detection limit was calculated by [2]:  
tε
tR+
=LLD B
⋅
⋅4.652.71  ,                                                                                                                     (1) 
and is presented in Fig.2. 
 
 
Figure 2: LLD of the described system in the SLOW mode, for 1-day, 30-days and 1-year measurements 
5. Study of the existence of 283 keV radiation in the decay of Cs-137 
The fast coincidence/anticoincidence circuit presented on Fig. 1.( but in this case without  NaI “plug” 
detector ) is used for measurement of  137Cs gamma spectrum. The radiation from the 7.2(3) µCi point 
137Cs source is collimated by means of the 5 cm long and 1 cm hole lead collimator with the source-to-
detector distance equal to 17 cm. In this way only the front surface of the HpGe ‘‘Canberra’’ closed-end 
coaxial 25% efficiency detector was exposed to the γ rays. The Compton-suppression spectrum, 
accumulated for 1.152 ×106 s (Fig. 3a) exhibits two pronounced maxima which correspond to the two 
backscattering directions defined by the collimator while the region of interest, around 280 keV, lies 
conveniently at the bottom of the valley between them. The 661.6 keV full absorption peak is about 900 
times higher than the count per channel in the region of interest. The part of the spectrum around 280 keV 
is presented in expanded form in Fig. 3b. 
 
 
Figure 3: The Compton-suppressed HPGe spectrum of 137Cs (the overall view (a), the portion of the spectrum around 
280 keV in expanded view (b)) 
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By this measurement the gamma transition of 283.4 keV in the decay of 137Cs with an intensity of 
5.3(14) ×10-6 per decay is found (1.6 ×105 weaker intensity than 661.6 keV transition). This transition 
most probably depopulates the first 1/2+ excited state in 137Ba of the same energy (Fig. 4) and is thus of 
the M1 type[3]. 
 
 
Figure 4. Decay scheme of 137Cs. The level at 283.4 keV is confirmed by the measurement in the laboratory of 
Department of Physics, University of Novi Sad 
6. Investigation of double beta decay of positron emitters 50Cr and 64Zn 
In the cases of ( β+β+) and ( EC, β+) decay , two or one positron are emitted, respectively. Each of 
these positrons annihilate in the voluminous sample material emitting simultaneously two photons with 
the energy of 511 keV in opposite directions. The coincidence counting of these photons enables the 
determination of the double β decay half-life. In order to extend the detection limits towards the 1020 y 
half-life region, large quantities of sample material and efficient and good resolution detectors must be 
used. Although the coincidence method significantly reduces the background, passive and active 
shielding are necessary. In order to reduce the number of chance coincidences a fast-slow coincidence 
system is required.  
The setup built in the low-level laboratory in Novi Sad is schematically presented in Fig. 5. The 
cylindrical sample is sandwiched between a 3 in. × 3 in. NaI(Tl) and a 25% nominal efficiency HPGe 
detector. In order to suppress the contribution of annihilation events from environmental rays and cosmic 
rays, the two detectors are placed in the hole of 9 in. × 9 in. NaI(Tl) detector (ANNULUS). The signals 
from this detector are used for anti-coincident gating of the TAC and all ADCs. In this way most of 
events generated by rays not coming from the sample are electronically rejected. The whole detector 
assembly was operated in the iron passive shield.  
Despite the passive and active shielding, 511-511 keV background coincidence events are still 
generated at the sample position and in the detectors. The measurement of this background is not simple. 
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Figure 5: The experimental setup for coincidence detection of positrons 
Three types of background measurements were performed: one with no material between the detectors 
and two with blank samples (Fe and Cu). No statistically significant difference between these results was 
obtained. The average value of all these measurements, derived for 6700 ks counting was 71(6) ×10-3 
c/ks. 
The coincidence efficiency of the system ε = Rc/A (Rc - true coincidence count rate, A-calibrated Na-
22 source activity) was ε = 1.9%.  
 
The Cr-50 → Ti-50 decay. The Φ = 70 mm and h = 25 mm cylindrical Cr2O3 sample contained 4.7 g 
of Cr-50. The spectrum of this sample measured for 2562 ks is presented in Fig.6. The integration of 511 
keV area confirms that there is no statistically significant difference between the sample and the 
background count rate. So from the parameters of the experiment only a lower limit of the half-life could 
be determined [4]: 
 T1/2 (0ν+2ν) ≥ 1.03 x 1018 y   (68% confidence level ).   (2) 
 
Figure 6: The Cr (solid squares) and background (open squares) spectrum 
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The Zn-64 → Ni-64 decay. The Φ = 70 mm and h= 25 mm cylindrical sample of Zn had the mass of 
350 g. The coincident spectrum of this sample measured for 1720 ks is presented in Figure 7. As can be 
seen in the 511 keV region, the sample spectrum has a bigger area than the background one. By 
integration of the net Zn spectrum an area of 0.06(4) counts/ks was found. For the conditions of our 
experiment this area is equivalent to the half-life:  
T1/2 (0ν+2ν) = (1.1 ±0.9) x 1019 y     (99.7% confidence level).   (3) 
This value is the first reported positive result for the half-life of the (EC, β+) double decay processes. 
 
 
Figure 7: The results of the 64Zn ( EC, β+) measurements 
 
7. The actively shielded HPGe spectrometer by the system of plastic veto detectors around passive 
lead shield (Department of Physics, University of Novi Sad) 
The gamma ray spectrometer is shielded passively with 12 cm of lead and actively by five 0.5m x 
0.5m × 0.05m plastic veto shields. The germanium detector is the low background extended range 
(GMX) closed-end coaxial p- type, made by ORTEC corp. in U type of cryostat. The nominal relative 
efficiency is 36%, and due to the thin surface dead layer and Be window has good efficiency even at 10 
keV. The fast outputs from plastic detectors are interconnected and vetoed the GMX-amplifier signal, Fig. 
8. 
Wide range of scintillator pulses, corresponding to the energy range of 150 keV – 75MeV, was used 
for anticoincidence gating. With the optimal set up, the integral background of 0.31 c/s was achieved for 
the energy region of 50–3000 keV (three times lower integral count rate than without active shield). The 
detector mass-related background was 0.345 c/kg s. The 511 keV annihilation line was reduced by factor 
of 7 by the anticoincidence gate [5]. It is shown that the plastic shields increase the neutron capture 
gamma line intensities due to neutron thermalization. 
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Figure 8: The scheme of the cosmic-ray active veto system. P.A.-preamplifier, L.D.-line driver, TFA-timing filter 
amplifier, H.V.-high voltage, P.S.-power supply, MCA –multi channel analyzer, AMP-amplifier, ADC – analogue-to-
digital converter, CFD-constant fraction discriminator, G&D-gate and delay generator, TAC/SCA-time to amplitude 
convector/single channel analyzer 
8. Measurements of cross-sections for production of X-rays induced by cosmic-ray muons in 
heavily shielded gamma-ray spectrometer 
Cosmic-ray (CR) muons both directly and indirectly contribute to the spectra of heavily shielded High 
Purity Germanium (HPGe) detectors, even in deep underground laboratories. Heavy elements are 
frequently used as the detector components or are occasionally placed close to the detector end-cap, and 
their characteristic X-rays induced by cosmic-ray muons contribute to the low-energy region of the HPGe 
detector spectra. We studied the production of X-rays in tungsten, gold and lead by cosmic-ray muons on 
the ground level, by means of a coincidence system consisting of a plastic scintillation detector and an 
extended range HPGe detector placed inside a 12-cm-thick lead shield. In this typical low-background 
arrangement, the shield with total mass of 725 kg acts a source of secondary particles induced by  
CR-muons. X-rays that originate from direct interactions of muons with the target material, the yield of 
which may be reliably estimated by Monte Carlo simulations, are excluded by this experimental setup, 
and only X-rays of W, Pb and Au samples produced by all secondaries from muon interactions with the 
lead shield are present in the HPGe spectra. The production rate of Ka X-rays per unit mass of all the 
elements studied (74 < Z < 82) is found to be close to 7 ×10-4 g-1 s-1[6]. This corresponds to a high 
effective cross-section for this production of 17(3) barns. Unexpectedly, the results do not show any 
significant dependence on Z in the Z = 74–82 region. 
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9. Investigation of prompt and delayed coincidence events between plastic veto detector and HPGe 
detector 
The coincidence events between veto detector and Ge detector can be prompt and delayed 
coincidences. Prompt coincidences corresponds to the direct muon interaction with veto detector and Ge 
detector, while delayed are based on muon interaction with veto detector and interaction of secondary 
particle with Ge detector, induced by muon in detector shield 
In our experimental setup, in the time spectrum of plastic detector and HPGe detector the prominent 
true coincidence peak appeared. Indeed, the true coincidence peak consisted of two almost separated 
peaks appearing at the distance of 120 ns. We found that the first time peak triggers high-energy HPGe 
events, while the second, the low energy ones, corresponding to the prompt and delayed events, 
respectively. The long tail of the second peak suggested that among delayed events, faster and slower 
events can be distinguished. 
10. Conclusions 
Using coincidence techniques in gamma spectroscopy, it is possible significantly improve the 
detection limit of the detection system, rejecting events induced by cosmic-rays or by environmental 
radioactivity. Also, applying the Compton-suppression method, the extremely week gamma transition can 
be detected, as we showed in our experiment, where the gamma radiation of 283.4 keV in 137Cs decay is 
registered. The coincidence circuits are necessary for exploration of double beta decays of positron 
emitters, such as 50Cr and 64Zn. Generally speaking; nuclear double beta decay is a good probe to 
investigate the fundamental properties of neutrino as well as those of weak interactions.  In one of our 
experiments the cross sections for production of X-rays by cosmic-ray muons are determined. This result 
can be useful for ultra-low background experiments, like those located deep underground searching for 
weakly interacting massive particles (WIMPs). Finally, the possibilities of distinguishing of prompt and 
delayed coincidence events, as well as time resolving of events belonging to the group of delayed events 
enable optimization of coincidence/anticoincidence systems for certain purpose. 
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